###### Strengths and limitations of this study

-   This is the first study that has evaluated the accuracy of International Classification of Diseases, Ninth Revision -- Clinical Modification (ICD-9-CM) codes for colorectal cancer in three large computerised Italian administrative databases using the same cancer case definition.

-   The strength of this study is that it used medical chart review as a reference standard to ascertain cases of colorectal cancer.

-   The validity assessment for ICD-9-CM codes could be limited since colorectal cancer diagnoses in secondary position were not evaluated.

-   Results from the present validation assessment cannot be generalised into other settings.

Introduction {#s1}
============

Large-scale population-based studies have relied on administrative databases of patients with specific diseases. Generally, administrative databases comprise hospital discharge data, prescription data and laboratory data.[@R1] These data have the advantage of being readily available, and it is less costly to assess long-term outcomes in large cohort populations. Usually, the diagnosis of diseases stored in administrative databases is associated with the *International Classification of Diseases, Ninth Revision* (ICD-9) or *Tenth Revision* (ICD-10) code edition. The ICD is designed to map health conditions to corresponding generic categories together with specific variations.[@R3] As administrative databases are not generated for research or quality assessment purposes, it is imperative to assess their validity to avoid misclassification and disseminate inaccurate information. The process of validation consists in evaluating the consistency of information within the administrative databases and the information contained in the clinical charts, which are generally considered the gold standard.[@R7] In Italy, despite the wide availability of administrative databases, only a few regional databases have been validated for a limited number of ICD-9 codes of diseases. These validated databases were able to exploit their capability as documented by a systematic review.[@R2]

Colorectal cancer is the third most common cancer worldwide and almost 55% of cases occur in more developed geographical regions with rectal cancer accounting for \~30% of cases.[@R8] It is estimated to be the fourth most common cancer cause of death around the world, accounting for approximately 1.2 million new cases and 600 000 deaths per year.[@R8] As colorectal cancer generates interest in the public and scientific community[@R10] it is an important concern for the public due to its economic burden.[@R12] Epidemiology of colorectal cancer and treatment patterns,[@R14] as well as potential clinical and economic outcomes,[@R16] can be evaluated using validated administrative databases.

As reported in our published protocol,[@R19] the objective of the present study was to evaluate the accuracy of the ICD-9-CM codes related to colorectal cancers in three large Italian administrative healthcare databases.

Methods {#s2}
=======

Setting and data source {#s2a}
-----------------------

### Administrative databases {#s2a1}

The administrative database target for the present study was two regional databases and one local database, represented by the Umbria region (890 000 residents), the Local Health Unit 3 of Napoli (NA) (1170 000 residents) and the Friuli Venezia Giulia (FVG) region (1227 000 residents). The corresponding operative units, the Regional Health Authority of Umbria (for the Umbria Region), the Registro Tumori Regione Campania (for the Local Health Unit 3 of NA) and the Centro di Riferimento Oncologico Aviano (for the FVG region), conducted the same validation process.

Local and regional Italian healthcare administrative databases regularly collect data about patient medical records from public and private hospitals including demographics, hospital admission and discharge dates, vital statistics, the admitting hospital department, the principal diagnosis and a maximum of five secondary discharge diagnoses, as well as surgical and diagnostic procedures. Additionally, these databases record all information regarding drug prescriptions listed in the National Drug Formulary and the basic characteristics of patients' physicians. The unique national identification code of the residents permits linking the different types of information within the database, and since the healthcare is covered almost entirely by the Italian National Health System most residents' significant healthcare information can be traced within the healthcare databases.

The records in the healthcare databases are provided with a code with which it is possible to identify the corresponding medical charts of the patients that are located in secured archives. The code that identifies a medical chart is generated using several basic codes that take into account the region, the local health unit, the department of admission and other chronologically progressive codes that provide a unique identity to the medical chart event at the national level and avoid duplicate cases.

### Source population {#s2a2}

The source population was represented by permanent residents aged 18 years or older in the three local or regional areas. Eligible subjects were residents that have been discharged from hospital with a diagnosis of colorectal cancer. Residents that were admitted outside the regional territory of competence were excluded from analysis due to difficulty in obtaining the medical charts.

Case selection and sampling method {#s2b}
----------------------------------

In each administrative database, patients with occurrence of diagnosis of colorectal cancer between 1 January 2012 and 31 December 2014 were identified using the ICD-9-CM codes located in primary position of the hospital discharge: (A) 153.x for colon cancer and (B) 154.0, 154.1 and 154.8 for rectal cancer.

To obtain a cohort of first cases in primary position, records subsequent to the index date were deleted. Subsequently, prevalent cases, that is, those with the same diagnosis (ICD-9-CM codes 153.x or 154.0, 154.1 and 154.8 in any position) in the 5 years (2007--2011) before the period of interest, were excluded. This cohort represented our target population from which a sample of cases was obtained using a random sampling method.

For controls (non-cases), first subjects aged 18 or higher with diagnosis of cancer disease, that is, patients having in primary position a diagnosis of cancer (ICD-9 140--239), were identified. Subsequently, from this cohort subjects with colorectal cancer (153.x or 154.0, 154.1 and 154.8 in any position) were excluded obtaining a target population for our controls. From this population we obtained a sample of controls using a random sampling method.

Chart abstraction and case ascertainment {#s2c}
----------------------------------------

The corresponding medical charts of the randomly selected samples of cases and non-cases were obtained from hospitals for validation purposes. Where available the following information was retrieved from the medical charts: clinical chart number, hospital and ward, date of birth, sex, dates of hospital admission and discharge, signs and symptoms, any diagnostic procedures that contributed to the diagnosis of the cancer, any pharmacological or surgical therapy that was provided for treatment of the cancer.

An initial consensus chart review was performed by trained medical chart reviewers independently examining the same number of medical charts (n=20). The inter-rater agreement regarding the presence or absence of colorectal cancer among the pairs of reviewers within each unit was calculated. Discrepancies were resolved through the involvement of an oncologist (RC).

Case ascertainment of cancer within medical charts was based on (A) The presence of a primary lesion in the colon-rectum, documented by imaging or endoscopy and (b) The histological documentation of cancer from a primary or metastatic site.[@R19] Following the consensus review, data abstraction was completed independently by the same reviewers. To ensure consistency among all the reviewers, cases with uncertainty were discussed and resolved through third party involvement (RiCh).

### Validation criteria {#s2c1}

For colon cancer, we considered the ICD-9-CM codes 153.x valid when there is evidence of a neoplastic lesion within the colon documented by endoscopy (eg, colonoscopy) or imaging (eg, abdominal ultrasound or CT scans), and a histological diagnosis from a primary or metastatic site positive for adenocarcinoma, squamous cell carcinoma or neuroendocrine carcinoma.

For rectal cancer, we considered the ICD-9-CM codes 154.0, 154.1 and 154.8 valid when there is evidence of a neoplastic lesion, in the rectosigmoid junction or in the rectum, documented by endoscopy or imaging, and a histological diagnosis from a primary or metastatic site positive for adenocarcinoma or squamous cell carcinoma.

Statistical analysis {#s2d}
--------------------

We calculated that a sample of 130 charts of cases was necessary to obtain an expected sensitivity of 80% with a precision of 10% and a power of 80%. For specificity calculations, we randomly selected non-cases, that is, records without the ICD-9-codes of interest from hospital discharges. We calculated that a sample of 94 charts of non-cases was sufficient to obtain an expected specificity of 90% with a precision of 10% and a power of 80%.[@R19] The corresponding medical charts were retrieved and evaluated.

Sensitivity, specificity and predictive values with corresponding 95% CIs were analysed separately for colon and rectum cancer ICD-9-CM codes by constructing 2×2 tables.

In case of missing medical charts we performed a formal sensitivity analysis based on a worst-case scenario in which the missing cases were considered as false positive.

To ensure the quality of any reporting of the results from the present study, the recommended guidelines based on the criteria published by the Standards for Reporting of Diagnostic accuracy (STARD) initiative for the accurate reporting of investigations of diagnostic studies were followed.[@R20]

Patient and public involvement {#s2e}
------------------------------

Neither patients nor the public were directly involved with the development or design of this study. This was a cross-sectional diagnostic study based on the consultation of medical charts.

Results {#s3}
=======

Colon cancer {#s3a}
------------

The κ statistics between evaluators was higher than 0.90 across the three operative units.

The exclusion of the estimated prevalent cases of invasive colon cancer in primary position of the hospital discharges allowed the identification of a cohort of 1725 new cases in Umbria, 1414 in NA and 1307 in FVG. From these cases, each unit randomly selected 130 cases of which the corresponding medical charts were requested for evaluation. Two (1.5%) and nine (6.9%) medical charts were not available from Umbria and NA, respectively. [Figure 1](#F1){ref-type="fig"} displays the identification of cases from the three operative units. For the non-cases, each unit randomly selected 94 medical charts. Two medical charts of non-cases from Umbria were missing.

![Flow chart of incident colorectal cancer cases identification in primary position from the three administrative databases and the corresponding charts examined.](bmjopen-2017-020630f01){#F1}

In terms of ICD-9-CM subgroups, the most common were 153.6 (34%) (ie, ascending colon cancer) followed by 153.3 (20%) (ie, sigmoid colon cancer) in Umbria; 153.3 (33%) followed by 153.6 (21%) in NA; 153.6 (28%) followed by 153.3 (27%) in FVG. The mean age ranged between 68 years and 73 years. The majority of the cases were identified in surgical departments with a percentage higher than 77%. The types of surgical intervention were similar across the three territorial units with hemicolectomy being the most performed surgical intervention. [Table 1](#T1){ref-type="table"} reports the basic characteristics of the incident colon cancer cases in each unit.

###### 

Characteristics of patients with colorectal cancer who were identified in the three administrative healthcare databases

  --------------------------------------------------------------------------------------------------------------
  Characteristics                                      Unit 1\    Unit 2\              Unit 3\
                                                       (Umbria)   (ASL Napoli 3 Sud)   (Friuli Venezia Giulia)
  ---------------------------------------------------- ---------- -------------------- -------------------------
  **Invasive colon carcinoma**                                                         

  Incident cases (N medical chart reviewed)            128        121                  130

  Overall number of colon lesions                      161        143                  144

  Subjects with more than one lesion (%)               33 (26)    22 (18)              14 (11)

  ICD-9 code, N (%)                                                                    

   153.0                                               9 (7)      7 (6)                1 (1)

   153.1                                               11 (9)     5 (4)                11 (8)

   153.2                                               14 (11)    19 (16)              19 (15)

   153.3                                               26 (20)    40 (33)              35 (27)

   153.4                                               11 (9)     4 (3)                18 (14)

   153.5                                               1 (1)      1 (1)                --

   153.6                                               44 (34)    25 (21)              36 (28)

   153.7                                               3 (2)      2 (2)                --

   153.8                                               1 (1)      2 (2)                1 (1)

   153.9                                               8 (6)      16 (13)              9 (7)

  Admission to department, N (%)                                                       

   Medical                                             28 (22)    27 (22)              24 (18)

   Surgical                                            102 (78)   94 (78)              106 (82)

  Sex, N (%)                                                                           

   Male                                                71 (55)    69 (57)              62 (48)

  Age, years, N (%)                                                                    

   \<40                                                1 (1)      3 (3)                1 (1)

   40--59                                              14 (11)    5 (4)                21 (16)

   ≥60                                                 115 (88)   113 (93)             108 (83)

  Instrumental diagnosis, N (%)                                                        

   Colonoscopy                                         94 (73)    93 (77)              24 (18)

   Abdomen ultrasound                                  37 (29)    13 (11)              14 (11)

   CT scan (including abdomen)                         85 (66)    86 (71)              63 (48)

   MRI (including abdomen)                             6 (5)      3 (2)                --

  Surgical procedures, N (%)                                                           

   Hemicolectomy                                       66 (52)    53 (44)              65 (50)

   Other surgical excisions                            18 (14)    25 (21)              35 (27)

  Histological documentation, N (%)                                                    

   Biopsy                                              66 (52)    57 (47)              33 (25)

   Resection specimens (after surgical intervention)   89 (70)    80 (66)              102 (78)

  **Invasive rectal carcinoma**                                                        

  Incident cases\                                      128        119                  129
  (N medical charts reviewed)                                                          

  Overall number of rectal lesions                     161        137                  141

  Subjects with more than one lesion (%)               33 (25)    18 (15)              12 (9)

  ICD-9 code, N (%)                                                                    

   154.0                                               41 (33)    48 (40)              39 (30)

   154.1                                               87 (67)    61 (51)              84 (65)

   154.8                                               2 (2)      10 (8)               6 (5)

  Admission to department, N (%)                                                       

   Medical                                             18 (14)    25 (22)              23 (18)

   Surgical                                            112 (86)   94 (78)              106 (82)

  Sex                                                                                  

   Male                                                86 (66)    68 (57)              64 (50)

  Age, years, N (%)                                                                    

   \<40                                                --         --                   1 (1)

   40--59                                              15 (12)    26 (22)              19 (15)

   ≥60                                                 115 (88)   93 (78)              109 (84)

  Instrumental diagnosis, N (%)                                                        

   Colonoscopy/sigmoidoscopy                           97 (75)    105 (88)             32 (25)

   Ultrasound                                          38 (29)    24 (20)              12 (9)

   CT scan (including abdomen)                         85 (65)    85 (71)              55 (43)

   MRI (including abdomen)                             15 (12)    18 (15)              12 (9)

  Surgical procedures, N (%)                                                           

   Anterior resection                                  54 (42)    27 (23)              22 (17)

   Rectal resection                                    15 (12)    20 (17)              25 (19)

   Other                                               21 (16)    34 (29)              55 (43)

  Histological documentation, N (%)                                                    

   Needle biopsy                                       66 (51)    67 (56)              32 (25)

   Resection specimens (after surgical intervention)   88 (68)    69 (58)              79 (61)
  --------------------------------------------------------------------------------------------------------------

ICD-9, International Classification of Diseases, Ninth Revision.

Across the three operative units, from the medical charts of 379 cases, 448 lesions were identified. Of 305 positive cases for malignant carcinoma (true positives) 55 also had a benign tumour; whereas of the 74 false positives 14 had a second lesion that resulted negative or with a benign tumour.

Accuracy estimates results were similar across the three units. The positive predictive value (PPV) was 80% for Umbria (95% CI 73% to 87%), 81% for NA (95% CI 73% to 88%) and 80% for FVG (95% CI 72% to 87%); the negative predictive value (NPV) was 99% for Umbria (95% CI 94% to 100%), 98% for NA (95% CI 93% to 100%) and 98% for FVG (95% CI 93% to 100%). The sensitivity of colon cancer cases confirmed by instrumental and histological examinations was 99% (95% CI 95% to 100%) for Umbria, 98% (95% CI 93% to 100%) for NA and 98% (95% CI 93% to 100%) for FVG. The specificity estimates were 78% (95% CI 70% to 86%) for Umbria, 80% (95% CI 72% to 87%) for NA and 78% (95% CI 69% to 85%) for FVG.

[Table 2](#T2){ref-type="table"} provides cross tabulation of the ICD-9-CM code results from the results of the medical charts.

###### 

Cross tabulation of the index test (ICD-9-CM code) results from the results of the reference standard (medical chart)

  ----------------------------------------------------------------------------
  Type of cancer\                       Operative unit    TP    FP   TN   FN
  (ICD-9-CM)                                                              
  ------------------------------------- ----------------- ----- ---- ---- ----
  Colon cancer\                         Unit 1 (Umbria)   103   25   91   1
  (153.x)                                                                 

  Unit 2 (ASL Napoli 3 Sud)             98                23    92   2    

  Unit 3 (Friuli Venezia Giulia)        104               26    92   2    

  Rectal cancer (154.0, 154.1, 154.8)   Unit 1 (Umbria)   108   20   92   0

  Unit 2 (ASL Napoli 3 Sud)             95                24    94   0    

  Unit 3 (Friuli Venezia Giulia)        104               25    92   2    
  ----------------------------------------------------------------------------

ICD-9-CM, International Classification of Diseases, Ninth Revision -- Clinical Modification; ASL, Azienda Sanitaria Locale; TP, True positive; FP, False positive; TN, True negative; FN, False negative.

Description of misclassifications {#s3b}
---------------------------------

The number of false positives that may cause misclassification were 74 across the three operative units and were categorised as cases with missing histological documentation and cases with possible negative histology for colon cancer. Cases with missing histological documentation had evidence of metastases (n=8) and chemotherapy or radiotherapy (n=1), or biopsy was not performed due to cachexia or death (n=2) within the same medical chart; in the subsequent medical chart review 13 cases had evidence of colon cancer and one case had evidence of rectal cancer on histological documentation ([table 3](#T3){ref-type="table"}).

###### 

Colon cancer: reason for incorrect identification of cases and non-cases

  Invasive colon cancer                               
  -------------------------------------- ------ ----- --------
  **False positives**                                 
  1 Missing histological examination     13\*   15†   11‡
  2 Possible negative histology          12§    8¶    15\*\*
   a) Adenoma (from biopsy specimen)     2      3     7
   b) Adenoma (from surgical specimen)   7      1     4
   c) Negative                           3      3     3
   d) Adenocarcinoma in situ             --     1     1
  Total                                  25     23    26
  **False negatives**                                 
  1 Possible colon cancer relapse        1      --    --
  2 Metastatic colon cancer              --     2     --
  3 Unclear/histological exam missing    --     --    2
  Total                                  1      2     2

\*Metastatic lesions from instrumental exam (n=3); positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=3); positive for rectal adenocarcinoma from histological documentation in a subsequent admission (n=1); deceased (n=1).

†Metastatic lesions from instrumental exam (n=4); chemotherapy or radiotherapy (n=1); previous colon cancer diagnosis (n=1); biopsy not performed (patient with cachexia) (n=1); positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=4).

‡Positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=6); metastatic lesions from instrumental exam (n=1).

§Histological documentation missing for the second lesion (n=4).

¶Histological documentation missing for the second lesion (n=5); positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=1); metastatic lesions from instrumental exam (n=2).

\*\*Metastatic lesions from instrumental exam (n=1); positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=7); positive for rectal adenocarcinoma from histological documentation in a subsequent admission (n=2).

Cases with possible negative histology for colon cancer were 24 adenoma, 9 with negative histology and 2 adenocarcinoma in situ. Of these cases, there was evidence of metastases in three cases within the same medical chart whereas nine cases had a second lesion that missed the histological documentation; evaluation of subsequent medical charts showed that there was evidence of colon cancer in eight cases and of rectal cancer in two cases based on histological documentation. Detailed descriptions for each of the administrative databases are displayed in [table 3](#T3){ref-type="table"}.

Sensitivity analysis showed that the nine missing medical charts in the NA administrative database reduced specificity from 80% to 74% (95% CI 66% to 82%), however, with no statistical difference.

Rectal cancer {#s3c}
-------------

The κ statistics between evaluators was equal to or higher than 0.90 across the three operative units.

After excluding prevalent cases, the incident cases for rectal cancer were 890 for Umbria, 692 for NA and 567 for FVG. From these incident cohorts 130 cases were randomly identified but 2, 11 and 1 medical charts were not available respectively from each operative unit ([figure 1](#F1){ref-type="fig"}). For the non-cases, each unit randomly selected 94 medical charts. Two medical charts of non-cases from Umbria were missing.

The mean age ranged between 69 years (NA) and 72 years (Umbria and FVG). Most of the patients with a diagnosis of rectal cancer were identified in surgical departments (from 78% to 86%). The most common ICD-9-CM subgroup was rectal cancer (154.1), 67% in Umbria, 51% in NA and 65% in FVG. The most frequent type of surgical intervention was anterior resection (54%) in Umbria, and other types of surgical interventions in NA (34%) and FVG (55%). Complete descriptions of basic characteristics of the cases are displayed in [table 1](#T1){ref-type="table"}.

Across the three operative units, from the medical charts of 378 cases, 439 lesions were identified. Of 307 positive cases with malignant carcinoma (true positives) 57 also had a benign tumour; whereas of the 69 false positives 6 had a second lesion that resulted negative or with a benign tumour.

The accuracy estimates were similar across the three units. PPV was 84% for Umbria (95% CI 77% to 90%), 80% for NA (95% CI 72% to 87%) and 81% for FVG (95% CI 73% to 87%); NPV was 100% for Umbria (95% CI 96% to 100%), 100% for NA (95% CI 96% to 100%) and 98% for FVG (95% CI 93% to 100%).

The sensitivity of rectal cancer was 100% for Umbria (95% CI 97% to 100%), 100% for NA (95% CI 96% to 100%) and 98% (95% CI 93% to 100%) for FVG. The specificity was 82% (95% CI 74% to 89%) for Umbria, 80% (95% CI 71% to 87%) for NA and 79% (95% CI 70% to 86%) for FVG. [Table 2](#T2){ref-type="table"} provides cross tabulation of the ICD-9-CM code results from the results of the medical charts.

Description of misclassifications {#s3d}
---------------------------------

The number of false positives that may cause misclassification in the three operative units were 39 cases with missing histological documentation and 30 cases with possible negative histology for rectal cancer. Cases with missing histological documentation had evidence of, within the same medical chart, metastases (n=6), chemotherapy or radiotherapy (n=4), or biopsy not performed due to inoperability or death (n=2); in the subsequent medical chart review, three cases had evidence of rectal cancer on histological documentation ([table 4](#T4){ref-type="table"}).

###### 

Rectal cancer: reason for incorrect identification of cases and non-cases

  Invasive rectal cancer                              
  -------------------------------------- ------ ----- --------
  **False positives**                                 
  1 Missing histological examination     14\*   17†   8‡
  2 Possible negative histology          6§     7¶    17\*\*
   a) Adenoma (from biopsy specimen)     4      0     11
   b) Adenoma (from surgical specimen)   2      3     3
   c) Negative                           0      2     3
   d) Adenocarcinoma in situ             0      2     0
  Total                                  20     24    25
  **False negative**                                  
  1 Possible rectal cancer relapse       0      0     1
  2 Possible rectal cancer metastasis    0      0     0
  3 Unclear/histological exam missing    0      0     1
  Total                                  --     --    2

\*Metastatic lesions from instrumental exam (n=3); deceased (n=1); chemotherapy or radiotherapy (n=1); inoperable (n=1).

†Metastatic lesions from instrumental exam (n=3); chemotherapy or radiotherapy (n=3); positive for rectal adenocarcinoma from histological documentation in a subsequent admission (n=3).

‡Histological documentation missing for two lesions (one patient).

§Positive for rectal adenocarcinoma from histological documentation in a subsequent admission (n=1); metastasis +chemotherapy (n=2).

¶Histological documentation missing for the second lesion (n=3); positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=2).

\*\*Metastatic lesions from instrumental exam (n=2); positive for rectal adenocarcinoma from histological documentation in a subsequent admission (n=8); positive for colon adenocarcinoma from histological documentation in a subsequent admission (n=2); histological documentation missing for the second lesion (n=1); chemotherapy or radiotherapy (n=1).

Cases with possible negative histology for rectal cancer had 23 adenomas, 5 were with negative histology and 2 were adenocarcinoma in situ. Of these cases, within the same medical chart, there was evidence of metastases (n=2), metastasis+chemotherapy (n=2), chemotherapy or radiotherapy (n=1) whereas four cases had a second lesion that missed the histological documentation; evaluation of subsequent medical charts showed that there was evidence of rectal cancer in nine cases and of colon cancer in four cases based on histological documentation. [Table 4](#T4){ref-type="table"} provides detailed description for false positives and false negatives for each of the administrative databases.

Sensitivity analysis based on the worst-case scenario did not show any statistical difference when missing data were considered false negative or false positive, although in the NA administrative database the specificity was reduced from 80% to 73% (95% CI 64% to 80%)%) due to the 11 missing medical charts of the cases.

Discussion {#s4}
==========

Case definition of diseases is important when validating administrative databases since it may influence the sensitivity or PPV.[@R19] In our study the ascertainment of cases for the validation of an ICD-9 code within an administrative database was based on the presence of a primary lesion in the colon or rectum confirmed by histological documentation of cancer from a primary or metastatic site. The performance of the ICD-9 codes related to colorectal cancer based on the same case definition was evaluated in the three administrative databases by consulting medical charts that were our reference standard. Results showed that ICD-9-CM codes for colon cancer (153.x) and rectal cancer (154.0, 154.1 and 154.8), based on the 'case definition', performed well in terms of sensitivity across the three databases. False positive rates influenced specificity and PPVs and this may be due to our stringent criteria that the two elements of our case definition had to be present in the first medical chart. We chose to report all diagnostic accuracy though we decided to select non-cases from an oncological population because we aimed to select a population similar to that of the cases, except having the neoplasm of interest (colon and rectal cancer). Although this can be a limitation with regard to the accuracy measures of sensitivity and specificity, our overall results also comprise PPVs which are based exclusively on the cases indicating the ability of the administrative database to identify correctly the subjects with disease according to our case definition that varied between 80% and 84%.

In some of the cases, the false positives could be explained by the absence of histological documentation in the first medical chart. This does not necessarily mean that patients classified as false positive cases did not have colorectal cancer, since there were several indicators that can prove the presence of malignant cancer. These include the confirmation of the malignant disease in other sources such as subsequent medical charts, the administration of chemotherapy or radiation therapy, the presence of metastases. Apart from 3 cases that did not perform biopsy due to cachexia or death, there were 15/755 (2%) with negative histology and 4 (0.5%) adenocarcinoma in situ that resulted in important misclassifications ([tables 3 and 4](#T3 T4){ref-type="table"}).

During our data extraction, we found that cases with at least two colorectal lesions were identified, varying between 10% to 25% across the three cohorts of subjects. During the validation process, a subject with two lesions, one benign and the other malignant, was classified as a true positive whereas another with two lesions, one benign and the second with missing histological documentation, was classified as false positive.

Synchronous colorectal neoplasms, that is two or more primary tumours identified in the same patient and at the same time, have been described in the medical literature with a rate of 33%.[@R25] Researchers that aim to validate colorectal cancer ICD-9 codes will need to make a thorough evaluation of the number of lesions and their respective instrumental and histological documentation.

In a post hoc analysis we re-evaluated different combinations of algorithms by adding other elements such radiotherapy, chemotherapy, metastasis and histological documentation from subsequent medical charts and found that the PPVs increased across the three operative units as shown in [table 5](#T5){ref-type="table"}.

###### 

Tables and accuracy measures for different case definition algorithms

  Colorectal cancer                                                                                                                                
  ------------------------------------------------------------------- ----------------------------------------- ----- ----- ----- ----- ----- ---- ----
  Umbria                                                              Case definition 1: lesion and histology   211   45    183   1     100   80   82
  Case definition 2: case definition 1+chemotherapy or radiotherapy   214                                       42    183   1     100   81    84   
  Case definition 3: case definition 2+metastasis                     220                                       36    183   1     100   84    86   
  Case definition 4: case definition 3+subsequent medical chart       225                                       33    183   1     100   85    87   
  ASL Napoli 3 Sud                                                    Case definition 1: lesion and histology   193   47    186   2     99    80   80
  Case definition 2: case definition 1+chemotherapy or radiotherapy   197                                       43    186   2     99    81    82   
  Case definition 3: case definition 2+metastasis                     206                                       34    186   2     99    85    86   
  Case definition 4: case definition 3+subsequent medical chart       217                                       23    186   2     99    89    90   
  Friuli Venezia Giulia                                               Case definition 1: lesion and histology   208   51    184   4     98    78   80
  Case definition 2: case definition 1+chemotherapy or radiotherapy   209                                       50    184   4     98    79    81   
  Case definition 3: case definition 2+metastasis                     213                                       46    184   4     98    80    82   
  Case definition 4: case definition 3+subsequent medical chart       238                                       21    184   4     98    90    92   

PPV, positive predictive value; ASL, Azienda Sanitaria Locale; TP, True positive; FP, False positive; TN, True negative; FN, False negative.

Comparison of accuracy results with other settings {#s4a}
--------------------------------------------------

Another Italian study evaluated the accuracy of colorectal cancer ICD-9 codes using hospital administrative databases in Piedmont province and found a combined sensitivity for colorectal cancer of 72.4% but with a higher PPV (88%).[@R26] While their PPV was higher than our findings, the sensitivity was much lower than ours. These discrepancies could be due to the methodological approaches that differed between our study and the Piedmont study. The Piedmont study used the cancer registry as a reference standard, and the population of interest was selected based on an algorithm which was based on a combination of ICD-9 related to malignant neoplasm of the colon, rectum and rectosigmoid junction in the primary position as well as in the secondary position and any ICD-9-CM procedure code leading to surgical diagnosis-related group payment. Another potential reason for discrepancy between the Piedmont study and ours may be due to the fact that we limited our target population to those who were incident cases but in the primary position. In the Piedmont study, the authors also performed a sensitivity analysis by limiting the analysis only to those in the primary position but they did not report the data and concluded simply that the analysis did not lead to any gain in PPV which seems to be their primary objective. Another potential explanation could be that the authors did not consult any medical chart and no case definition was elaborated against which to test the presence of the disease.

Two other research groups have evaluated the accuracy of colon or rectal cancer diagnosis in administrative databases in other settings.[@R15] In Denmark, Helqvist *et al* [@R27] evaluated the validity of ICD-10 colorectal cancer (C18 for colon cancer, C19 for cancer in the colorectal junction and C20 for rectal cancer) coding in the Danish National Registry of patients, using the Danish Cancer Registry as a reference standard. The overall accuracy of the colorectal cancer codes was 89% in terms of PPV that was defined as the number of patients with a colorectal diagnosis in the Danish National Registry of Patients (DNRP)and the Danish Cancer Registry (DCR) (numerator), divided by the number of all patients with a colorectal cancer diagnosis registered in the DNRP (denominator). However, the study did not provide any case definition statement. In France, Quantin *et al* [@R15] developed two algorithms to validate the ICD-10 codes related to colorectal cancer in an administrative database using a cancer registry as a reference standard. The first algorithm, based only on diagnostic and procedure codes, provided good sensitivity and a PPV lower than ours (75%) while the second algorithm, that considered the past history of the patient, overestimated the number of incident cases by almost 50%.[@R15] Both studies differ from ours in terms of the reference standard used, index test used (medical charts vs cancer registries) and location of the diagnosis (primary or any position).

A systematic review of administrative databases that validated colorectal cancer worldwide is currently being completed and will provide a complete account of validation of administrative databases.[@R1]

Strengths and limitations {#s4b}
-------------------------

The main strength of our study is that we used medical chart review as a gold standard and the presence of histological documentation in addition to an imaging or endoscopic presence of a primary lesion as a requirement for validation. In contrast to other studies, we separately validated codes related to colon cancer from the codes related to rectal cancer. In addition, our study assessment was based on a prepublished protocol and we can state that there was no deviation from protocol. We used detailed and explicit eligibility criteria, a duplicate and independent process for medical chart review and data abstraction following recommended guidelines based on the criteria published by the STARD initiative for the accurate reporting of investigations of diagnostic studies.[@R20]

Our assessment was limited to the diagnosis of colorectal cancers in the primary position and this might underestimate future epidemiological incidence of cancer. We are unsure whether the obtained accuracy results can be generalised to new cases of cancer in patients who were diagnosed in day hospital or day surgery facilities. Further research is needed to address the validity of ICD-9 codes in outpatient settings.

Another limitation of our study is that there were missing charts with respect to the estimated sample size. However, the number of missing charts was very low for Umbria and FVG (ranged from 0% and 2.1%) and quite low for ASL Napoli 3 Sud (6.9% charts missing for colon cancer and 8.5% for rectal cancer). In general, a study population lower than the estimated sample size leads to the same diagnostic accuracy estimates but with broader CIs. Nevertheless, to be more conservative, we also decided to present a 'worst case' scenario in which the missing charts were considered as false positives.

A potential limitation in our assessment could be the choice of a non-case population that was arbitrary. We chose to select non-cases from an oncological population because we aimed to select a population similar to that of the cases, except having the neoplasm of interest (colon and rectal cancer). In our opinion, using this approach there was a chance of finding false negatives. Choosing the non-cases in other ways, for example, from patients with other types of diseases, the chances of finding false negatives would have been very low, which was not our primary concern.

However, although the sensitivity and specificity are influenced by the choice of non-cases, PPV is based only on the cases, and its value represents the ability of the administrative database to identify correctly the subjects with disease.

A possible limitation related to the implications of our results for future research is that validation studies of administrative databases are related to the context in which they are generated and are not generalisable to other settings.

Conclusion {#s5}
==========

The present study concerns two regional and local areas in Italy and shows that administrative healthcare databases from Umbria, NA and FVG can be used to identify hospitalised subjects with colon and rectal cancers. We proposed a simple case definition for case ascertainment within colorectal cancer and the obtained accuracy is acceptable. The present study will add value to the knowledge of the colorectal cancer diseases given that it covers different areas of Italy and can contribute to improving the cancer treatment patterns, although the presented results may not be generalisable in other settings.
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